
Baghbani et al. Microb Cell Fact          (2020) 19:217  
https://doi.org/10.1186/s12934-020-01483-1

REVIEW

Dual and mutual interaction 
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Abstract 

All of humans and other mammalian species are colonized by some types of microorganisms such as bacteria, 
archaea, unicellular eukaryotes like fungi and protozoa, multicellular eukaryotes like helminths, and viruses, which 
in whole are called microbiota. These microorganisms have multiple different types of interaction with each other. 
A plethora of evidence suggests that they can regulate immune and digestive systems and also play roles in various 
diseases, such as mental, cardiovascular, metabolic and some skin diseases. In addition, they take-part in some current 
health problems like diabetes mellitus, obesity, cancers and infections. Viral infection is one of the most common 
and problematic health care issues, particularly in recent years that pandemics like SARS and COVID-19 caused a 
lot of financial and physical damage to the world. There are plenty of articles investigating the interaction between 
microbiota and infectious diseases. We focused on stimulatory to suppressive effects of microbiota on viral infections, 
hoping to find a solution to overcome this current pandemic. Then we reviewed mechanistically the effects of both 
microbiota and probiotics on most of the viruses. But unlike previous studies which concentrated on intestinal micro-
biota and infection, our focus is on respiratory system’s microbiota and respiratory viral infection, bearing in mind that 
respiratory system is a proper entry site and residence for viruses, and whereby infection, can lead to asymptomatic, 
mild, self-limiting, severe or even fatal infection. Finally, we overgeneralize the effects of microbiota on COVID-19 
infection. In addition, we reviewed the articles about effects of the microbiota on coronaviruses and suggest some 
new therapeutic measures.
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Introduction
Mammalian animal species and human are colonized 
by a group of microorganisms called as microbiota. This 
group of microorganisms includes bacteria, archaea, 
fungi, protozoa, helminths, and viruses [1]. These com-
mensal and symbiotic communities of microbes take up 
residence in almost any part of mucocutaneous areas of 
the body such as digestive system [2], oronasopharynx 
and respiratory system [3], urinary system and vagina 
[4], and all over the skin [5]. There are numerous types 

of microbiota colonizing in human body. For exam-
ple, as far as we know there are almost 10–100 trillion 
microbial cells and more than 1000 different bacterial 
species that just inhabit in human distal digestive tract 
[6, 7]. About their origin, plenty of articles suggest that 
microbial colonization starts immediately after the birth 
[8]. Formation of the microbiota have several stages. at 
first in pregnancy and during the physiological changes 
like weight gain and metabolic or hormonal alterations 
[9], and then during vaginal delivery, when the neonate 
is directly exposed to vaginal normal flora. It results in 
similarities between mother’s microbiota and that of 
her child. Depending on mode of delivery, there are dif-
ferences between microbial distribution of the neonates 
born by cesarean delivery, which is similar to that of skin, 
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and vaginal delivered neonates, microbiotia of whom is 
similar to that of healthy vagina [8, 10]. The third stage is 
milking period. Breast milk includes almost 10^9 bacte-
rial cells/L and transfers healthy microbiota from mother 
to the child, which increase infant’s immunity through 
competing with pathogens [9–11]. And then, this micro-
biomes gradually changes to adulthood microbiomes 
under influence of several factors such as the breed, the 
family ,geographic and socio-economic factors, diet and 
nutrition, nutritional supplements, exercises, medica-
tions like antibiotics, age, some pathological conditions 
like inflammatory disorders, diabetes, stress-related fac-
tors [12] and finally genetic factors, which play a cru-
cial role in all stages of microbiota formation [13–16]. 
For example, a study on twins revealed an association 
between Bifid bacterium and the lactase (LCT) gene locus 
and also a correlation between the host gene ALDH1L1 
and the bacteria SHA-98 [14]. But of note, there are few 
articles suggesting that the role of genetic factors might 
be not significant [17]. Many articles demonstrated 
that every person has special microbial spectrum. Even 
there are differences between monozygotic twins, so it 
can be considered as a microbial finger print [9, 14, 18]. 
The microbiota also have multiple stimulatory or sup-
pressive interactions between themselves, for example, 
as an suppressive effect, they compete with each other 
either directly, like nasal Staphylococcus species strains 
which affect other spices via production of some growth 
inhibitory substances [19], or indirectly, contesting over 
different sources like nutrient, oxygen and the place of 
colonization [20]. Additionally, they have stimulatory and 
synergic effects on each other [1].

Interactions between microbiota and host
Microbiota have a dual key role in homeostasis, metabo-
lism, immunity, physiologic or pathologic situations like 
cancers, which can alleviate or aggravate various medical 
conditions [21]. So here we categorized their effects on 
various diseases pathophysiology, based on their impacts 
on different body systems, with a special attention to 
viral infections.

Microbiota and the immune system
The microbiota and immune system have communica-
tion through several distinct mechanisms and stages. 
At first the microbiota induces alpha-defensin, secre-
tory IgA and some other AMPs (antimicrobial peptides), 
thereby they affect innate lymphoid cells, but mainly they 
affect innate and adaptive immune system via influencing 
epithelial or macrophage cell receptors such as Toll-like 
receptors (TLRs) or NOD-like receptors (NLRs). TLRs 
are involved in normal mucosal immune system develop-
ment of the intestine, decreasing inflammatory responses 

and promoting immunological tolerance to the normal 
microbiota components. NLRs participate in adjustment 
of IL-18 level, immune response, dysbiosis and intestinal 
hyperplasia [22–26]. Microbiota antigen binding to these 
receptors, starts a cascade of signaling pathways lead-
ing to producing several antimicrobial substances, like 
defensine, stimulating several group and subtypes of T 
cells like T helper 1 and 17 to produce IL-1, IL-2, IL-15, 
IL-17, IL-22, and IL-23 and also to affect B cells to pro-
duce various antibodies [25, 26]. As a result, any altera-
tion in the balance between microbiota and immune 
system can lead to infections [27], inflammations [28, 29], 
allergies, several kind of cancers like oral and colorectal 
cancers [30, 31], autoimmune [32] and endocrine disor-
ders like IBD, diabetes type 1, hepatic diseases which will 
be explained with more details in ‘’gastrointestinal system 
disease’’ section. Generally, the microbiome affects den-
dritic cells, epithelial cells, ILCs, T regulatory cells, effec-
tor lymphocytes, NKT cells and B cells [33].

Microbiota and metabolism
There are many articles on the influence of microor-
ganisms, especially intestinal microorganisms, on body 
metabolism via comparing to germ-free and normal 
microbiota colonized animals and humans or through 
in-vitro studies on gut culture models. Microbiota have 
enzymes which are not coded in human genome, but 
they are necessary to fulfil some physiologic tasks or to 
contribute digestive enzymes to break down substances 
like polysaccharides, polyphenols and to help in vita-
mins synthesis. According to this they can regulate body 
energy balance and cellular metabolism [34–36].

Microbiota and cancers
The microbiotas can impact upon cancers through differ-
ent ways. Some of them can induce cancers, some oth-
ers can prevent malignancies and the rest do not have 
any effect on caners. Carcinogen microbiotas, contrib-
ute in carcinogenesis through three mechanisms. First, 
they stimulate inflammatory substances release, which 
can cause inflammation, facilitate cell proliferation and 
mutagenesis, and activate oncogene and angiogenesis. 
Second, they inhibit cellular apoptosis via NF-κB activa-
tion. Third, they induce carcinogen substances produc-
tion [37]. On the other hand, microbiota with protective 
effects against carcinogenesis in the host, prevent malig-
nant transformation by detoxification of nutrient sub-
stances, suppressing inflammations, and partake in the 
regulation of host cells proliferation [38]. For example, 
low microbial density in upper digestive tract, can lead to 
cancer-predisposing states in the esophagus and stomach 
[39]. There are other studies demonstrating association 
between the microbiota and oral cancer [40], colorectal 
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cancer [41], lung cancer [42] and etc. Also they can be 
used to diagnose or treat some cancers [38, 43]. Further-
more, probiotics, prescribable foreign bacteria to body, 
which can settle in mucosal membranes and act against 
the tumorigenesis along with chemotherapy and radio-
therapy [44].

Gastrointestinal system
Several studies suggest that microbiota play roles in 
the gut motility and through several mechanisms it can 
induce or aggravate a wide spectrum of gastrointestinal 
diseases and conditions, like inflammatory bowel disease 
(IBD), irritable bowel syndrome (IBS), colon cancer, and 
antibiotic-associated diarrhea [45, 46]. Also, Christoph 
A. Thaiss et al. demonstrate that the dysbiosis following 
the circadian clock disruption can lead to several meta-
bolic and inflammatory diseases like diabetes, inflamma-
tory bowel diseases, and cancer [47–49]. Furthermore, 
there are articles demonstrating the relation between 
the gut microbiota and some other diseases unrelated to 
intestine like cardiovascular disease and blood pressure 
regulation, hepatic disease (such as chronic liver inflam-
mation, nonalcoholic fatty liver and nonalcoholic stea-
tohepatitis), and pancreatic disease [7, 26, 46, 50]. New 
studies revealed an association between microbiota, 
obesity and diabetes [51, 52]. For instance, Martin et al. 
found that the microbiota and some of their productions 
can induce signaling messages within the mucosa. Enter-
oendocrine cells release several hormones like CCK, PYY, 
GLP-1, GIP, and 5-HT, through which they can adjust 
metabolic processes like insulin sensitivity, glucose tol-
erance, fat storage, and appetite. This can explain micro-
biota’s role in obesity or slimness [53]. They can induce 
their effects through different mechanisms, like Intestinal 
permeability, Molecular mimicry or through inducing 
changes on innate or Adaptive immune system. Moreo-
ver, they can be beneficial for diagnosing and treating 
both type 1 and type 2 diabetes [54–60].

Nervous system
The microbiota and especially gut microbiota have close 
mutual relationship with nervous system via plenty of 
nervous, endocrine, and immune pathways. They can 
affect CNS and PNS and have a key role in maturation 
of ENS (enteric nervous system) [61]. For example, they 
have mutual communication with the brain called as 
gut–brain axis. Enteric nervous system and the cen-
tral nervous system both are under influence of them. 
Thereby, they partake in several CNS diseases like Par-
kinson’s disease, Alzheimer’s disease [62], schizophrenia 
[63], multiple sclerosis [64], behavioral disease [65], anxi-
ety and depression [66]. Furthermore, microbiota play 
roles in ENS formation in newborns [67, 68]. And finally 

there are studies demonstrating effects of microbiota in 
sympathetic nervous system, which are involved in the 
blood pressure regulation and pathogenesis [69]. To con-
clude the matter, eventually there is a network between 
central nervous system (CNS), the autonomic nervous 
system (ANS), the enteric nervous system (ENS) and the 
hypothalamic pituitary adrenal (HPA) axis. This network 
links the intestine to nervous system through efferent 
and afferent autonomic pathways [68].

Respiratory system
Few years ago, lung was known as sterile parts of the 
body and even bacterial trace thought to be test mistakes. 
But new advanced techniques, revealed that lungs have 
its own special microbiome and is under influence of its 
microbiome and even microbiomes in other parts of the 
body such as intestine. Thus, gaining knowledge on the 
influences of these microbiomes on lungs healthiness 
and pathology, is in the center of scientist’s attention. A 
healthy lung microbiota consists of Prevotella, Strepto-
coccus, Veillonella, Fusobacterium and Haemophilus. 
They come from the upper airways as nose, mouth and 
pharynx through microaspiration, in which microbiota 
migrate to lower respiratory tract or lung during sleep. 
Then they encounter with immune system of the host 
and thus their balance keeps [70]. Respiratory micro-
biome formation is under influence of multiple factors, 
specially in first years of life, consisting of genetic factors, 
delivery mode, infant feeding, antibiotics administration, 
medications and vaccination, geographical and seasonal 
differences [71]. Furthermore, they have roles in some of 
respiratory diseases. For example, in one hand, in cystic 
fibrosis (CF), idiopathic pulmonary fibrosis or bronchiec-
tasis bacterial spp diversity in the lower respiratory tracts 
increases; and in the other hand, some specific bacteria 
like Pseudomonas aeruginosa, Staphylococcus aureus or 
Burkholderia spp., have been detected in some specific 
diseases. In addition, there are connections between gas-
trointestinal disorders and respiratory system. For exam-
ple, inflammatory bowel disease (IBD) by the source of 
microbiota can induce disorders in respiratory system 
as respiratory diseases which induce disorders in intes-
tine [70, 72–75]. Recent studies suggest that nasophar-
ynx, oropharynx and lung’s microbiome which play key 
roles in immune system, metabolism and neuroregula-
tion, change in quality and or quantity across several res-
piratory diseases such as chronic obstructive pulmonary 
disease (which originates from the gut microbiota) [76], 
asthma [77], cystic fibrosis [78], pneumonia [79] and also 
upper respiratory infection [80]. As another example, 
in one hand, respiratory microbiota tend to be a reason 
for susceptibility to inhaled toxins or pollutants and in 
the other hand, some respiratory microbiotas are likely 
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to metabolize inhaled pollutants and even suppress host 
inflammatory responses to exposure. In addition, their 
compositions change under each condition and disease 
[81]. Although there are many studies demonstrating the 
influence of the gut microbiota on gastrointestinal can-
cers, few studies have investigated the role of respiratory 
microbiota on lung cancer; however, new studies has sug-
gested that microbial dysbiosis plays crucial roles in each 
stage of carcinogenesis via influencing on metabolic, 
inflammatory or immune pathways [42].

Microbiota and infectious disease
As time goes on, our understanding increases about the 
role of microbiota in the host healthy status and their 
effects on various pathogens. They can inhibit patho-
gens activities via colonization resistance (competing 
with pathogens for adhesion to places and nutrients 
along with secreting microbicidal components like bac-
teriocin against pathogen), and by empowering the host 
immune system by mean of contributing to immune 
cells differentiation, releasing SIGA and inducing prolif-
eration of granulocyte/monocyte progenitors, activation 
of local innate lymphoid cells, myeloid cells or both pro 
and pre inflammatory T- and B‐cell responses as noted 
above [24, 82–86]. Furthermore, they can contribute 
to extension of secondary lymphoid tissues: such as the 
gut-associated lymphoid tissue, isolated lymphoid fol-
licles, Peyer’s patches, mesenteric lymph nodes, and 
splenic white pulps [86]. For instance, inflammation of 
the gut or antibiotic depletion, alter microbiota’s compo-
sition and colonization resistance, leading to enhanced 
pathogens growth. Recent studies indicate that the com-
mensal microbiota can be used to combat pathogen 
bacteria specially antibiotic resistant pathogens like van-
comycin-resistant Enterococcus faecium, Gram-negative 
Enterobacteriaceae and Clostridium difficile  [24, 82, 83]. 
Another example is maintaining tight junctions’ integrity 
by the microbiota to combat Salmonella typhimurium 
invasion [24]. Also there are studies suggesting probi-
otics in order to treat pathogen induced diarrheas [87]. 
In addition, the skin microbiota, includes some bacteri-
ocin-producing strains, that contribute to antimicrobial 
resistance by producing bacteriocin (an antimicrobial 
peptide which can also be a signaling molecule to the 
host immune system). Furthermore, some of them inhibit 
skin pathogens such as MRSA and C. acnes and can be 
used as probiotics for therapeutic purposes via creams or 
gels [88].

Microbiota and viruses
Viruses are the most common pathogens in the world. 
They can infect both eukaryotes and prokaryotes. There 
is evidence suggesting important mutual interactions 

between viruses and the microbiotas. They can prevent, 
suppress or even aggravate viral infections through dis-
tinct mechanisms. it’s necessary for a virus to overcome 
several barriers like tissue specificities, body tempera-
ture, mucus barrier and epithelial secretions includ-
ing IgA and defensins and also microbiotas defending 
items such as pH, redox potential, lipopolysaccharide 
(LPS), glycans and finally they are physical barriers for 
viruses to bind epithelial cells surfaces [89]. Several 
studies demonstrated that reducing antibiotic admin-
istration can improve antiviral responses via balanc-
ing microbiota composition. Given that the microbiota 
exist in the sites which viruses enter to the host, prob-
ably they can impact on each other [90]. For instance, 
the microbiota dictates the development of immune 
systems via several way such as differentiation and acti-
vation of colonic regulatory T cells, which contribute to 
the maintenance of homeostasis against microbial and 
dietary antigens [91].

The viral infection mechanisms are classified as fol-
low: promotion (which includes direct or indirect 
mechanisms), suppression (also includes direct and 
indirect mechanism) and some unknown mechanisms. 
Generally they have a dual role in viral infections (even 
in specific virus like HIV): they promote some viral 
infections like poliovirus and Reoviruses and suppress 
some other viruses such as MMTV or influenza or even 
they have dual roles on [90, 91]. There are several spe-
cific ways for viruses to enter the host’s body, but in 
almost all of them, they should cross the mucosal epi-
thelial cells and encounter with microbiota. For exam-
ple, enteric viruses have fecal-oral transmission so they 
encounter with the gut microbiota. Sexually trans-
mitted viruses should overcome genital microbiota 
before entering to the body. Aerosol transmission is a 
specific way for respiratory viruses which encounters 
upper respiratory microbiota. And finally blood-borne 
viruses are directly injected to the body by arthropods 
and should encounter with both the vector and the dis-
seminated host’s microbiota [86]. To study the effects 
of microbiota on viral infections we have two choices. 
First, we can inject antibiotics in mice blood stream as 
an inexpensive rapid way, but it have some drawbacks, 
such as antibiotic side effects and antibiotic-resistant 
species which cannot be eliminated. Second, we can 
have germ free mice which have been grown in sterile 
situations since born. This way has also several prob-
lems but is a better choice comparing with pervious 
method [92].

In present study, we will discuss different effects of 
this microbiota on viral infections via a mechanistic 
point of view.
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Different mechanisms against viruses
These mechanisms need more studies but some of them 
are understood. They divide in three groups including 
direct binding to the virus, direct antiviral secretion and 
those resulting from microbiota–host cells interactions. 
For example, lactic acid bacteria (LAB) are known in 
industry and their productions (especially exopolysac-
charides) have industrial functions. In addition, these 
secretions have the ability to act against some viral infec-
tions like salmonid viruses infections. They are good 
candidates for therapeutic approaches due to their harm-
less nature [93]. Lactic acid bacteria (LAB), an antiviral 
secretion, has been proved by positive signal in immu-
nofluorescence, that can neutralizing vesicular stomatitis 
virus(VSV) via direct bind to the virus [94, 95].

Sexually transmitted viruses
HIV and HSV
The dominant microbiota in a healthy vagina, mainly 
consist of Lactobacillus genus, such as L. acidophilus, L. 
Fermentum, L. Plantarum, L. Brevis, L. Jenseni, L. Casei, 
L. Catenaforme, L. Delbrueckii and L. Salivarius. Their 
dominance over other pathogenic anaerobes maintain 
the vaginal health [96]. Also many studies have revealed 
the impact of altered vaginal microbiota on urogenital 
infections such as Neisseria gonorrhea, Chlamydia tra-
chomatis, Trichomonas vaginalis and finally viral sexually 
transmitted infections such as human immunodeficiency 
virus (HIV), human papillomavirus (HPV), herpes sim-
plex virus (HSV) and cytomegalovirus (CMV), which are 
common current health problems worldwide [97–99]. 
There is evidence indicating that microbiota and probiot-
ics can protect and even empower the body against them. 
Probiotics are live microorganisms which have many 
industrial or medical consumptions. Probiotics have sev-
eral benefits for the host’s genital system such as main-
taining vaginal health, protecting against STIs (Sexually 
Transmitted Infections) and co-operating with other 
antimicrobials [100]. Totally the probiotics have similar 
mechanisms to inhibit pathogens such as HIV. And even 
they are exactly normal body microbiota which were 
eliminated in some patients and know we restored them 
via exogenous sources.

Mechanism
There are many studies suggesting that lactobacillus spe-
cies of microbiota have key roles in HIV prevention. They 
protect the body against HIV via several mechanisms.
First, lactobacillus produce H2O2 and acidic metabo-

lites resulted from fermentation and protects the body 
against HIV and other pathogens like Neisseria gon-
orrhoeae, C. Trachomatis, and T. vaginalis and even 
HSV virus. These acidic PH can inactive both virus and 

immune cells like T cells, monocytes and macrophages 
which can be a vector or target for HIV [91, 94, 95, 100–
106]. Lactic acid and specially l-lactic acid acts against 
HIV via both direct and indirect mechanisms [86]. Some 
studies suggest that acidic PH alone cannot inhibit virus 
and should be provided along with l-lactic acid mol-
ecules which has a broad-spectrum HIV virucidal activ-
ity. Firstly, it traps HIV-1 in cervicovaginal mucus layer 
and lowers virus replication nearly 100 times more slowly 
than that in neutralized mucus, and secondly, it inac-
tivates both HIV-1 and HIV-2 in  vitro. Moreover, lactic 
acid kills BV-associated bacteria which cause indirect 
inhibition [86].
Second, they secret hydrogen peroxide as a virucidal 

component and also secret anti-viral substances disturb-
ing virus transmission. Furthermore, hydrogen perox-
ide can combine with several mammalian peroxidases, 
including myeloperoxidase, eosinophil peroxidase, lacto 
peroxidase and halide (chloride, iodide, bromide, thiocy-
anate) in order to make a potent virucidal combination 
[100].
Third, they can directly bind to viruses and disarm 

them. Lactobacilli and other probiotic bacteria are 
capable of producing specific HIV inhibitory proteins, 
whether upon their membrane or in their secretion. For 
example, two Lactobacillus strains can directly stick to 
mannose sugar rich “dome” of HIV and lead to neutral-
izing HIV. Generally, there are carbohydrate-binding 
proteins on microbiota’s surfaces known as lectins. Man-
nose N-acetyl glucosamine residues are examples of 
these types of molecules. They have several functions; 
for example, they competitively stick to carbohydrates on 
viruses and occupy viral ligands which are necessary for 
virus to enter immune cells like macrophages or T cells 
and protect the body from infection. Also, they stick to 
host infected immune cells like T cells and cut off the 
infection chain between infected and non-infected t 
cells. Finally, studies suggest that both glycoproteins and 
carbohydrates may be involved in vaginal epithelial cell 
binding and pathogen exclusion [91, 94, 95, 100–106].
Fourth, they can improve vaginosis. There are studies 

which have demonstrated the relation between bacterial 
vaginosis and HIV infection. BV increases the suscepti-
bly to pathogens and HIV via three manners including 
causing inflammations, damaging to epithelial cells and 
putting immune cells and virus in contact and finally 
reducing hydrogen peroxide and acidic metabolites pro-
duction [91, 94, 95, 101–106]. There are studies sug-
gesting that Vaginal dysbiosis can be caused by HSV-2 
or HIV-HSV-2 coinfection, and conversely BV is associ-
ated with increased HSV-2 or HIV infection [107]. First 
studies about the relationship between BV and STDs 
was on HIV-1 virus and revealed that woman in different 
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conditions like pregnancy or non-pregnancy, show a pos-
itive association between dysbiosis of vaginal microbiota 
and HIV-1 seropositivity. Also, there is a dose-response 
relationship between the severity of microbial dysbiosis 
and HIV-1 serostatus. So that, woman with abnormal 
microbiota, have more HIV RNA is their vaginal secre-
tion [98]. Vaginal dysbiosis and abnormal vaginal micro-
biota, can induce the body to produce pro-inflammatory 
vaginal cytokines such as IL-1β and IL-8, which can lead 
to a higher risk for HIV infection. Also probiotic lactoba-
cilli can modulate production of these cytokines [98].
Fifth, they secret antiviral components. For example, 

some bacterial species secret bacteriocins which was 
known as bactericidal components, but recently it has 
been revealed that they have virucidal effects too. The 
carbocyclic Iantibiotic labyrinthopeptin A1 and its deriv-
atives have broad anti-HIV and anti-HSV activities. This 
bacteriocin blocks viral cell–cell transmission between 
HIV-infected T cells and uninfected CD4 T cells [108, 
109].
Sixth, they empower he immune system in both vagina 

and gut; for example, they can release substances like 
butyrate 38, which supplies energy sources for entero-
cytes in order to maintain the intestinal mucosal bar-
rier and anti-inflammatory substances, which suppress 
inflammations and co-infections aggravating HIV 

infection. Generally, microbial antiviral effects on innate 
immunity, is based on IL-18, interferon (IFN)-λ, or IL-22 
pathways. In one hand, they increase both IL-22 and 
IL-18 secretion, which lead to more expression in signal 
transducers and activators of transcription 1 (STAT1) 
and antiviral genes, and in the other hand they restrain 
IFN-λ secretions, which contribute to viral pathogeneses 
[24, 110]. Moreover, some species empower immune 
system through modulating NF-κB signaling pathways 
and cytokines, like IFN-ɛ, IL-1α, IL-6, IL-8, and TNFα 
mRNA, and induce TLR receptors expression, which 
is important to protect the body against both HSV and 
HIV[101, 111–113].

It seems that insufficient TLR ligand stimulation 
after antibiotic exposure was partly responsible for 
the compromised immune cell function. When TLR 
agonists were applied during virus challenge in antibi-
otic-treated mice, both cellular and humoral antiviral 
responses could be largely restored (Figs. 1 and 2) [65, 
67]. Moreover, TLR2 activation by bacterial products 
produced by the gut microbiota, is necessary for the 
recruitment of mast cells to sites of viral infection and 
the further release of cathelicidin, a mast cell-derived 
antiviral protein (Fig.  2) [68]. However, this situation 
seems different in young mice, whose gut microbiota 
has not been completely established. In a hepatitis B 

Fig. 1  Among the invading pathogens, viruses are one of the most common spp.
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virus infection model, TLR4-intact young mice failed to 
resolve viruses and developed chronic infections, while 
their TLR4 mutant counterparts exhibited rapid viral 
clearance, suggesting that an immune-tolerant pathway 
mediated by TLR4 signaling, was predominant in young 
mice [72]. Intriguingly, it seems that antibiotic treat-
ment-induced gut microbiota alteration is transient and 
recoverable, as a more exacerbated disease condition 
only appears when antibiotics are used during influenza 
A virus infections; when such treatment ceases before 
the infection, neither an antiviral immunity defect, nor 
enhanced viral susceptibility are observed [73].

During the vaccinia virus infection, the commen-
sal microbiota primes virus-specific CD8 + T cells to 
secrete large amounts of IFN-γ, which critically medi-
ates the corresponding antiviral immunity. In addi-
tion, during vaccinia virus infections, the activation of 
TLR2 by bacterial products is essential for recruiting 
mast cells to sites of viral infection. These mast cells 
also contribute to suppressing the viral infection by 
secreting an antiviral cathelicidin. The gut microbiota 
is intimately associated with activation of the immune 
system in HIV-infected individuals [75]. This conclu-
sion is reinforced by another independent study, which 
showed that the capacity of NKT cells to produce IL-4 
and IL-10 in gastrointestinal-associated lymphoid tis-
sues was associated with fewer markers of microbial 
transmission and less immune activation, a process 
dependent on the recognition of Bacteroides species by 
these cells [76].
Seventh, majority of studies on microbiota and HIV, 

insist on vaginal microbiota, while there is evidence 
indicating the role of the male urogenital microbiota 
on HIV transmission. Semen is an important vector, 
and seminal microbiota diversity and richness have 
a key role in HIV transmission. For example, stud-
ies indicated that Semen bacterial load affect seven 

proinflammatory chemokines, like IL-6, TNF-α, and 
IL-1b, which leads to an alteration in semen viral load 
[114].

Herpes simplex virus (HSV) and Cytomegalovirus (CMV)
Because co-infection by HSV can aggravaste HIV infec-
tion, anti-HSV properties of these bacteria is important 
too. In case of HSV, studies demonstrated that Lacto-
bacillus species, set an acidic pH in vagina and produce 
lactic acid or hydrogen peroxide, which strongly inhib-
its viral replication and deactivates HSV-2 in the vaginal 
mucosa. In addition, lactic acid bacterium Enterococ-
cus faecium release a small cationic peptide bacteriocin 
named as Enterocin CRL35 which can block synthesis of 
herpes simplex virus related protein in Vero cells, thereby 
inhibiting the late replication stages of both herpes sim-
plex virus types 1 and 2, and can be a good medication 
because it has no side effect [95, 108, 114–116]. Moreo-
ver, there are many studies indicating that maintaining 
the microbiota compositions, can be a novel therapeutic 
target to improve health in this patients [117]. Like HIV, 
vaginal microbiota can directly stick to and trap HSV 
[98]. Furthermore, Cytomegalovirus (CMV) is an impor-
tant viral pathogen in immunocompromised patients, 
which can cause many congenital teratogenic infections. 
Studies suggest that CMV replication and infection 
with multiple CMV strains can be stopped by normal 
vagina microbiota [98]. Additionally, Equine herpesvi-
rus 1 (EHV-1) is a virus from herpesviridae family which 
induces several distinct pathogeneses, like respiratory 
infections, viral abortion, neurological signs, and neona-
tal mortality in horses. This study showed that flagellin 
have reinforcing role in HSV vaccination [118].

The gut microbiota role in STD
 The microbiota and probiotics involving in HIV can 
exist in whether vagina or the gut. As we know, most 

Fig. 2  The viral infection mechanisms associated through microbiota
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of immune cells settle in the gut and have several roles 
in HIV infection. In early stages of infection, the virus 
depletes CD4+ lymphocytes and dendritic cells of gut 
associated lymphoid tissue (GALT). It causes several 
problems including gut barrier dysfunction, micro-
biota dysbiosis and leaking microbial metabolites to the 
peripheral bloodstream. The latter is associated with 
increased levels of proinflammatory cytokines or anti-
microbial peptides like (MIP-3, IL-6, IL-8, LL-37, and 
HNP1-3), and immune cells activation, which in turn can 
drive HIV progression. Recent studies suggest that probi-
otic bacteria have a beneficial role in HIV patients during 
antiretroviral treatment via maintaining microbiota com-
position, reducing mucosal and systemic inflammation, 
stimulating natural killer cell, increasing macrophage 
phagocytic activity, stimulating interferon-γ, interleukin 
(IL)-12, and IL-18 and improving intestinal barrier [100, 
119–121]. In spite of these many studies, which support 
the idea of beneficial role of microbiota on HIV infection, 
there are also studies which did not support this [122]. 
As the last example, vaginal dysbiosis increases in IL-33, 
which is an alarming compound for epithelial damages, 
then inhibits T cells migration to vaginal lymphoid tis-
sues, so it can’t secret antiviral interferons and cytokines 
and thereby promotes HSV infection [121, 123]. Bio-
engineered probiotics also can have useful effects. For 
example, commensal bacteria including Streptococcus 
gordonii, L. lactis, L. plantarum, and L. jensenii are engi-
neered to produce a unique 11 kd protein from cyano-
bacteria called as cyanovirin-N, which can directly stick 
to mannose sugar rich “dome” of HIV. More over a bio-
engineered E. coli strain in colon can release peptides 
hybridized with hemolysin A, which can occupy gp41 
fusion protein of HIV and causes anal transmission 
prevention of HIV. And so many other peptides cloned 
in bioengineered probiotics such as FI-1, FI-2, and FI-3 
in L. plantarum and L. gasseri. And CD4D1D2IgKLC, 
MIP-1β, and T-1249 in L. reuteri RC-14, can occupy gp41 
and artificial Antibody to the cellular adhesion in a strain 
of L. Casei, Which blocks transepithelial HIV-1 trans-
mission in vitro [100, 124–126]. Furthermore, In simian 
immunodeficiency virus (SIV), fecal microbiota trans-
plantation (FMT) treatment improves antiviral periph-
eral Th17 and Th22 cells activation [91]. By knowing 
these mechanisms, the author hypothesized that we can 
focus on any part of them, and by improving or simulat-
ing that part we can reach a new treatment.

Promotion
 In spite of all the investigations we mentioned above, 
there are studies suggesting that HIV infected individu-
als have higher levels of LPS in their plasma, and lipid 
A, which is a part of LPS, can interact with a peptide 

derived from the V3 loop of gp120, which is the virus tool 
to enter the host cells [90]. In addition, SIV which is the 
HIV ancestor in African primates, can be suppressed by 
an antimicrobial compound called as glycerol monolau-
rate. Therefore, it is possible that HIV and SIV utilize the 
microbiota to develop their pathogenesis as well [90]. 
Moreover, we should again mention that in spite of these 
many studies which support the idea of beneficial role of 
microbiota on HIV infection, there are also studies which 
have not supported this idea [122]. As the last example, 
vaginal dysbiosis increases in IL-33 which is an alarming 
compound for epithelial damages, then inhibits T cells 
migration to vaginal lymphoid tissues, so it can’t secret 
antiviral interferons and cytokines and let HSV infection 
to promote [121, 123]. Furthermore, short-chain fatty 
acids (SCFA) are microbial components that induce viral 
infectivity promotion via activation of early lytic cycle 
of the Epstein Barr virus (EBV) stages, and by inducing 
expression of viral proteins involved at this stage. What’s 
more, data suggest that all SCFAs that are histone dea-
cetylase inhibitors, can reactivate herpesvirus, while few 
of them reactivated the Epstein-Barr virus [127]. As we 
noted, Flagellin has a beneficial role in herpes vaccinol-
ogy, but augments HIV-1 entry and promoter activity 
and increases the production of extracellular virus [128].

Human papilloma virus (HPV)
HPV is an oncovirus that causes several cancers, like 
anal, genital, and oropharyngeal cancers, and elevates 
the risks of dysplasia and cervical malignancy [129]. HPV 
is known to induce vagina mucosal infection, mucosal 
immunity and inflammations via several mechanisms 
like the induction of interferon, activation of mac-
rophages and NK cells stimulation. Pro-inflammatory 
cytokines, reactive oxygen species, viral DNA integra-
tion, and chronic inflammation during HPV infection 
changes the vaginal mucosal environment and metabo-
lism, and as a result, alters the vaginal microbiota [130]. 
For example microbiota studies demonstrated that high 
proportion of Atopobium, Prevotella, Gardnerella, and 
in some studies, Megasphoera and L. gasseri species in 
women along with CSTs III (microbial dominance of L. 
iners) or with a subtype of CST-IV, probably are HPV-
positive and have higher rates in HPV-positive woman, 
and also have slower enhancement and viral clearance 
[121, 131]. Also sometimes HPV facilitates other infec-
tions, like Chlamydia trachomatis [132]. Moreover 
there is evidence indicating that microbiota can pre-
vent HPV infection by producing d-lactic acid, produc-
ing hydrogen peroxide, and blocking HPV adherence to 
vaginal epithelial cells by forming a microbial physical 
barrier [96, 114]. Several studies demonstrated the asso-
ciation between vaginal microbiota, HPV infection, and 
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clinical cervical neoplasia. In such a way that dysbiosis, 
by higher abnormal rates of Gardnerella vaginalis and 
Lactobacillus gasseri and a lower abnormal rates of Lac-
tobacillus crispatus, Lactobacillus iners and Lactobacillus 
taiwanensis, induces HPV infection and HPV-dependent 
neoplasia of cervix via producing carcinogens like nitros-
amines; while opposite situations can accelerate HPV 
clearance and improvement. There are many other stud-
ies indicating the role of microbiota on HPV-associated 
cancers with just few differences in bacteria they found 
[96, 130, 133, 134]. However, generally the mechanism of 
HPV immunological pathways on vaginal microbiota are 
not completely understood and need more investigations 
[121].

Blood born viruses
Dengue virus
Dengue virus (DENV) is an insect transmitting virus, 
which infects 390  million people per year. It transmits 
via an insect vector called Aedes aegypti  [135]. These 
insects, in some cases, have a commensal bacteria called 
as Wolbachia, which cooperate with other microbiota 
and reduce insect susceptibility to dengue virus indirectly 
via inhibiting virus replication by inducing more expres-
sion in antimicrobial peptide producing genes, controlled 
by Toll-like receptor (TLR) immune pathways [135, 136]. 
Toll pathway repression via silencing of MyD88 gene, 
resulted in increased dengue titers. Totally, Wolbachia 
induces its effects through basal level stimulation of the 
Toll immune pathway [86]. Moreover, the insects admin-
istrated antibiotics, showed higher levels of virus titers 
[90]. Therefore, it came to our mind that maybe it would 
be possible to use the microbiota of other species such as 
Wolbachia, for therapeutic purposes in humans as probi-
otics. Also at least we can produce their metabolites via 
bioengineering, but it take more exploration to under-
stand their actual mechanisms.

Murine leukemia virus
Murine leukemia virus (MuLV) is a enveloped gamma 
retrovirus virus of the Retroviridae family, and are 
responsible for leukemia/lymphomas in mice. It is a 
blood born virus that transmits vertically through milk-
ing or parturition and other routes like birth bites and 
scratches [86]. The microbiota increases GF (Germ-fee) 
MLV infection in mice via inducing lymphoid cells divi-
sion and proliferation and also facilitating viral replica-
tion. In a study, it was revealed than GF mice are more 
resistant to MLV-induced leukemia than SPF mice, due 
to lymphoid cells stimulation of the microbiota [137]. 
But there are conflicting studies showing positive, nega-
tive, and neutral effects of microbiota on this virus and 
MLV infection in GF mice, probably due to its strains or 

experimental mistakes. For example, some MuLV viruses 
contain a contaminating lactate dehydrogenase levating 
virus, which exerts systemic lymphocyte activation [91, 
138].

Lymphocytic choriomeningitis virus
Lymphocytic choriomeningitis virus (LCMV) is an envel-
oped, RNA virus belonging to the Arenaviridae fam-
ily, which can produce both acute and chronic infection 
in mice [139]. The microbiota reduces LCMV-specific 
CD8+ T cell responses and IgG antibody titers which 
lead to antiviral responses and lower infection dura-
tion. Mechanistically, antibiotic-treated mice CD8+ T 
cells, express more inhibitory receptors and less effec-
tor molecules, which means that lack of microbiota, can 
lead to T cell exhaustion. Unlike antibiotic-treated mice, 
macrophages in SPF mice demonstrate higher antivi-
ral responses. The dysbiosis in antibiotic-treated mice 
reduces innate and adaptive immune responses against 
LCMV infection [137].

Enteric viruses
As noted above gastrointestinal or enteric viruses have 
fecal-oral transmission. Viral infections and intesti-
nal microbiota have distinct effects on each other. The 
microbiota can suppress or promote viral infections and 
conversely viral infections can induce eubiosis or dys-
biosis and even some of them, like Murine norovirus 
(MNV), can replace beneficial roles of the microbiota in 
germ-free mice [140]. The most common enteric viruses 
like rotaviruses, noroviruses, and astroviruses are non-
enveloped RNA viruses that infect the gastrointestinal 
tract and lead to severe childhood diarrhea and gastro-
enteritis. More over reoviruse, mouse mammary tumor 
virus (MMTV) and poliovirus are also enteric viruses in 
nature. Even some systemic viruses like influenza and 
Coxsackievirus B3 viruses have an intestinal colonization 
[7].

Rotavirus
Rotavirus (RV) is a nonenveloped, double-stranded 
RNA virus from the Reoviridae family and is one of the 
most common leading causes of death in 1–5 years old 
children due to pediatric diarrhea, with an estimated 
200,000 deaths per year in whole of the world [137]. 
Studies suggest that there is a dual connection between 
the microbiota and rotavirus: rotavirus infections can 
induce changes in Bacteroides genus composition, and 
microbiota and probiotics have been demonstrated to be 
effective therapeutic agents in Rotavirus infection [141]. 
Probiotics, like Lactobacillus rhamnosus, can reduce 
both viral diarrhea duration and diffusion. For example, 
a microbial soluble secretion, blocks rotavirus infection 
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in the gut via preventing rotavirus attachment by altering 
intestinal epithelial cell surface glycans [137]. In addition, 
Rota virus flagellin activated TLR5 pathway have influ-
ence on dendritic cells and leads to (IL)-22 release. Also, 
it increases NLR Family CARD Domain Containing 4 
(NLRC4) dependent IL-18 discharge. IL-22 maintains the 
epithelial cell and its proliferation in normal status, while 
IL-18 eliminates infected epithelial cell via apoptosis. 
Hence, this pathway immediately removes rotavirus (RV) 
infection and accelerates RV clearance [142]. Moreover, a 
synbiotic combination of galacto-and fruct-ooligosaccha-
rides mixed with Bifidobacterium breve, have a negative 
effect on RV virus via increasing the production of IFNγ, 
IL-4, TNFα, and TLR2 expression. In conclusion, we can 
assume that, it indirectly affect RV through inducing 
effects on immune responses, such as lowering immune 
tolerance and enhancing the mucosal defense [143]. 
However there are studies demonstrating positive effects 
of microbiota on rotaviruses; for example, human milk 
oligosaccharides contains probiotics like Bifidobacte-
rium, which lead to RV infection promotion via immune 
response. So that antibiotic treatment decreases infec-
tion by suppressing RV entry via improving IgA-produc-
ing cells. Also lack of microbiota in antibiotic treated or 
GF mice, reduced the level of rotavirus antigen, delayed 
infection and decreased infectivity [144]. Furthermore, 
increasing Proteobacteria and decreasing Bacteroidetes 
amounts in vancomycin treated human, promotes RV 
vaccine immunogenicity and RV shedding [145, 146]. In 
addition, commensal microbiota also inhibits the activa-
tion of antiviral humoral responses via decreasing virus-
specific antibodies amounts including IgA and IgG in 
serumic and IgA in fecal samples. Antibiotic treatment 
maintains virus-specific antibody-secreting cells in the 
intestine and restores microbiota, and administration of 
low doses of dextran sodium sulfate leads to enhance-
ment in production of rotavirus-specific antibodies and 
this is why microbiota have positive effects on rotavirus 
[91, 147].

Norovirus
Norovirus is a non-enveloped, single-stranded RNA, 
enteric virus from the Caliciviridae family and transmits 
through fecal-oral route and also they are foodborne 
viruses. Norovirus is a common cause for viral gastro-
enteritis and the most common cause of severe child-
hood diarrhea in developed countries. There is no treat 
or vaccine for norovirus yet and diarrhea, vomiting, 
nausea, stomachache, and short term fever are its symp-
toms [137, 148, 149]. The Norovirus genus classifies in 
seven Geno groups (GI–GVII). For example, GI and GII 
viruses are responsible for human infections, while there 
are strains of murine noroviruses (MNV), which are not 

present in GV classification. Murine noroviruses have no 
effect on humans, while are good candidates for experi-
mental investigations. Also in both human and murine 
strains we can see similar positive or negative effects 
caused by microbiota [150].

Suppression studies
Demonstrated a positive relation between the density of 
Ruminococcaceae and Faecalibacterium spp. and anti-
NoV antibody titers, so that, it implies the possibility 
that these bacteria can have protective roles against NoV 
infection. Previously, Faecalibacterium spp. were known 
as an anti-inflammatory bacteria, but the mechanism 
is unclear. Moreover, in case of MNV, poly-g-glutamic 
acid (g-PGA), a Bacillus spp. secreted component, pro-
tects mice from MNV-1 infection via regulating MNoV 
infection by increasing interferon-b (IFN-b) signaling 
pathways [151]. Although most of retinoic acid depend-
ent studies investigated MNV, there are some studies 
revealing that retinoic acid treatment reduces the risk of 
HNoV infection [152]. The Lactobacillus bacteria sup-
press murine norovirus (MNV) replication via expression 
of interferons, like IFNβ and IFNγ and lower infection 
duration. Although retinoic acid has antiviral effects 
alone, but it will be stronger along with the microbiota. 
MNV-1 reduces Lactobacillus spp. and retinoic acid or 
vitamin A restore them. Therefore, we can draw the con-
clusion that the antiviral effects of vitamin A and retinoic 
acid, are due to Lactobacillus genus interferon produc-
tion [153]. Moreover, a study revealed that vitamin A 
induces antiviral effects via modulation of gut microbi-
ota, such as Lactobacillus spp., which upregulates IFN-β 
and IFN-γ expression in MNV-infected RAW 264.7 cells. 
Then IFN-γ promotes adaptive immunity responses to 
MNV infection. Other studies provided more confidence 
for this idea; for example gram negative microbiota can 
produce LPS, which induce IFNs secretion and lead to 
inhibit the replication of MNV [154].

Promotion
According to many studies, antibiotic treatment inhibits 
viral norovirus infection which shows the role of micro-
biota. In case of human norovirus, most of the stud-
ies suggest that human norovirus directly sticks to both 
microbiota and the host surface components like histo-
blood group antigens (HBGA) via VP1 capsid protein. 
Nevertheless, there are studies indicating that human 
norovirus can bind to the microbiota which have no 
HBGA. So we can conclude that it may be due to differ-
ent strains or some other unknown attachment compo-
nents [149, 155]. In conclusion, HBGA attachment to the 
virus, leads to stabilizing (especially thermostabilization) 
viral particles by bacterial ligands, then glycan-bound 
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viral particles facilitate viral attachment to target cells 
receptors and host-to-host transmission as direct mecha-
nisms. Additionally, they can induce indirect effects via 
affecting the host immunity and preparing an immune 
tolerance, which leads to more viral replication and 
also leads to promoting viral recombination (149, 155]. 
Another study revealed that in an in  vitro B cell cul-
ture system, the microbiota producing HBGAs have an 
important role as a cofactor for HNoV replication and 
even administration of bacterial HBGAs alone was suf-
ficient [155, 156]. In addition, antibiotic treatment indi-
rectly promotes expression of antiviral receptors such as 
Stat1 and Irf3 for cytokines like IFN-λ [91]. The micro-
biota can induce epithelia lesions and damage epithelia 
defense in SPF mice, while have no effects on GF mice. 
So it causes intestinal inflammation via IL-10 induction 
and leads to more viral transmission and replication 
[157]. In addition, vesicle-cloaked virus clusters (VCVCs) 
are a group of non-negligible viral populations in stool 
and have a more infectivity than free viruses [158]. For 
instance, they contain both norovirus and poliovirus 
and also other viruses, like poliovirus which increase 
co-infection and recombination between different viral 
strains. Microbiota can mediate viral clustering directly 
or indirectly which enhances viral infectivity [151]. Also, 
the microbiota modulates HNoV infection via Bile acid 
regulation. HNoV capsids directly stick to bile acids and 
increases HNoV replication in a dose-dependent man-
ner via facilitating their binding to HBGAs. This shows 
that the bile constituents, which act as HNoV cofactor, 
require bacterial metabolism for their action [151].

Astroviruses
They have been reported to account for approximately 
2–9% of pediatric cases of gastroenteritis worldwide. 
Colonization of immunodeficient mice with a murine 
astrovirus (STL5), induces intestinal lambda interferon 
(IFN-l) [7].

Reovirus
Reovirus is a non-enveloped, double-stranded RNA virus 
from the Reoviridae family, which is an enteric virus 
colonizing the gut but it is usually asymptomatic [7]. 
Reovirus replication and pathogenesis reduces in antibi-
otic-treated or GF mice. So it shows that microbiota pro-
mote reovirus replication and pathogenesis although the 
mechanisms are not very clear [137]. In both poliovirus 
infection and reovirus infection, the microbiota elevate 
the virus stability and specially thermostability via direct 
interaction between Gram-negative and Gram-positive 
bacteria. For example, there are several studies indicating 
that antibiotic treatment and microbial depletion before 
these viral infections reduces virus’s virulence [91]. In 

conclusion, reovirus can cooperate with both Gram posi-
tive and Gram negative bacteria via influencing directly 
on bacterial outer envelope components and also can 
loosely attach to Gram-positive or Gram-negative bac-
teria using LPS or GPs to enter their target cells [159]. 
But LPS alone can’t cause these effects and needs other 
components existing on Gram negative bacterial cell sur-
faces to complete its work. To confirm this fact, in a study 
reovirus incubated with E. Coli showed more stability in 
comparison to LPS alone [159].

Poliovirus
Poliovirus is an enteric non-enveloped single-stranded 
RNA virus from the Picornaviridae family, which can 
be transmitted through fecal-oral route. It spends some 
days replicating in the gut and then migrates to central 
nervous system, where its pathogenesis occurs and leads 
to paralysis. In addition, Poliovirus is a human patho-
gen which needs a human poliovirus receptor (PVR) 
and in order to experiment, we have to use PVR-trans-
genic mice [7, 160]. The microbiota aggravate poliovirus 
replication and pathogenesis via both direct and indi-
rect mechanisms. In one hand both gram-positive and 
Gram negative microbiota bind their polysaccharides to 
poliovirus to stabilize the virion by preventing prema-
ture RNA release. For example, peptidoglycan and LPS 
released by microbiota which have amounts of N-Acetyl 
glucosamine, bind poliovirus and induce viral thermosta-
bilization even at temperatures above 40 °C. In the other 
hand, LPS facilitates poliovirus binding to its cellular 
receptor and target cells [137]. Also, poliovirus incuba-
tion with the microbiota before the infection initiation, 
increases the genetic recombination and co infection 
possibility between different phenotypes like drug guani-
dine hydrochloride, while resistant to high temperature 
(DrugSTempR) or resistant to guanidine hydrochloride, 
while sensitive to high temperature (DrugRTempS) [91]. 
Furthermore, it is interesting that even UV-inactivated 
microbiota incubated with poliovirus can induce viral 
stabilization because of their bacterial surface polysac-
charides (LPS and peptidoglycan), which can do their 
job independently [91]. More confidence for this fact 
prepared by using a mutant poliovirus, which have lower 
binding tropism to LPS via putting a single amino acid in 
the viral capsid protein VP1-T99K. The mutant viruses 
had equal replication, attachment, and pathogenesis 
comparing with the wild-type in  vivo, but after passing 
through the gut had lower stability in mouse feces com-
pared to their wild-type [161].

Mouse mammary tumor virus (MMTV)
Mouse mammary tumor virus (MMTV) is an enveloped 
enteric virus from the Retroviridae family, which can be 



Page 12 of 25Baghbani et al. Microb Cell Fact          (2020) 19:217 

transmitted vertically through infected mother’s milk 
to the children and causes gastrointestinal infections or 
transmits. Although TMEV is an enteric virus in nature, 
its pathogenesis and replication is in neurons and leads to 
multiple sclerosis in mice [7, 162]. Studies revealed that 
microbiota components like lipopolysaccharide (LPS) 
aggravate the TMEV replication and transmission and 
disease by increasing central nervous system inflamma-
tions via TLR4 activation, which is a pattern-recognizing 
receptors (PRR) for LPS [137]. In conclusion, MMTV uti-
lizes LPS to stimulate TLR4 expression in order to induce 
IL-6, which also leads to increase immunosuppressive 
cytokine IL-10 amounts as a key cytokine to modulate 
the immunoregulatory roles of T-reg cells and prepare 
an immune tolerance. This cascade finally helps the virus 
to escape from immune system through TLR4/MyD88 
pathway. As a result, even the MMTV isolated from mice 
without LBPs cannot capture LPS and stimulate TLR4 
[138]. In addition, In a follow-up study it was revealed 
that LPS receptor contributes to viral envelope formation 
and promotes viral diffusion [162]. It means that MMTV 
utilizes LPS binding proteins such as CD14, TLR4, and 
MD-2 into its viral envelope for next generations [149].

Adenovirus
 Adenoviruses infect humans by respiratory and enteric 
routes. Human adenovirus is a non-enveloped, double-
stranded DNA virus of the Adenoviridae family. The 
microbiota can produce defensins which is an antiviral 
component against herpesviruses, human papilloma-
viruses, polyomaviruses, orthomyxoviruses, and retro-
viruses. Defensins like alpha defensin 5 directly bind to 
human adenovirus and limit viral replication in cultured 
cells by preventing uncoating in endosomes, but the 
exact mechanism remains unclear [6, 137].

Hepatitis B/C virus
Hepatitis B viral infection is a chronic persistent infec-
tion, which can be suppressed by the gut microbiota via 
interaction with Ab secreting B cells. The microbiota 
decrease hepatitis B virus (HBV) e-antigen (HBeAg) 
amounts after each fecal microbiota transplantation 
(FMT) therapy [91].

Coxsackievirus B3
Coxsackievirus B3 (CVB3) is a non-enveloped single-
stranded RNA virus belonging to the to the Enterovirus 
genus of the Picornaviridae family [163]. At first, antibi-
otic treatment reduces systemic poliovirus and CVB3 
titers, which means that the microbiota promotes CVB3 
infection, then it reduces both CVB3 infection and dis-
semination kinetics. It has been shown that antibiotic 
treatment decreases CVB3 titers in both human cecum 

and GF mice, and the reason for that is antibiotic treat-
ment increases mural innate immune responses and anti-
viral activity against both DNA and RNA viruses [137, 
164].

Respiratory viruses
The respiratory tract is one of the most proper sites for 
microbial incoming and colonization, which may cause 
asymptomatic, mild, severe and even fatal infections. 
There are many studies on enteric microbiota, but fewer 
studies about respiratory microbiota have been con-
ducted. Microbiota have higher density in upper respira-
tory tract and gradually, it decreases in lower respiratory 
tracts. Distal tracts and lung seem to be isolated from 
microbes. But even some studies revealed that the lungs 
have also certain microbiota, and this fact that they are 
free of microbiota comes from limitation in culturing, 
sampling and lack of advanced techniques to measure 
them. These microbiota in both lungs and respiratory 
tracts, have also key roles in some respiratory diseases 
such as asthma, cystic fibrosis, or chronic obstructive 
pulmonary disease [165–169]. A study by Leung et  al. 
demonstrated that the upper respiratory tract microbi-
ome consists of Firmicutes, Proteobacteria and Actino-
bacteria [170]. Furthermore, a study concluded that the 
healthy human lung does not include a consistent dis-
tinct microbiota, but interestingly it includes a special 
spectrum of microbes similar to the upper respiratory 
tract’s microbiota. This insists on significance connection 
between the upper and lower respiratory tract microbi-
ota [171]. Moreover, viral infections, the most common 
pathogens responsible for the respiratory system infec-
tion, along with their pathogenicity, simultaneously alters 
respiratory microbiota to the extent of disease severity, 
which implicates these communities in the immune acti-
vation status of these patients [172], and here we pro-
vided a review about several respiratory viruses and their 
interactions with both intestinal and pulmonary micro-
biota mechanistically, which may leads to prepare new 
probiotic treatments or medications.

Human rhinovirus
Human rhinovirus (RV) is the major cause of the com-
mon cold and a frequent cause of respiratory tract 
infections with considerable morbidity and mortality in 
patients [173, 174]. Toivonen et al. found a strong asso-
ciation between HRV colonization and changes in the 
microbiota [175]. Korten et  al. demonstrated that there 
is an active interaction between HRV infections and the 
respiratory microbiota in early life. To be more precise, 
HRV symptomatic infections have interactions with a 
short-term alteration in microbial density and diver-
sity. Also, more common symptomatic HRV infections 
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have a long-term influence on microbial diversity at the 
end of the first year of life. In addition, a study on adults 
revealed a lower diversity of microbiota during sympto-
matic HRV colonization [176].

Influenza A virus
Influenza is an acute respiratory disease that is caused 
by influenza virus. Influenza is classified as contagious 
diseases that infects the host epithelial cells [177]. Influ-
enza virus has two major surface Glycoproteins called 
hemagglutinin (HA) and neuraminidase (NA). The HA 
makes a fusion between virus and target cell recep-
tor (sialic acid), and the NA will destroy and cleave the 
a-ketosidic linkage between terminal sialic acid and an 
adjacent sugar residue [178]. Influenza virus has 3 types; 
A,B and C. Naming is based on antigenic diversity of 
proteins in nucleus and matrix of the virus. Influenza A 
virus (IVA) is the most pandemic type [178]. IVA causes 
an acute infection in respiratory tract. Researches have 
shown a low level qualitative changing in lower respira-
tory tract microbiota composition during IVA infection 
[179]. Alterations such as increase in a bacterial load, can 
raise the risk of secondary bacterial infection, not only 
in respiratory tract, but also in other sites, like intestine 
[180]. Thus, IAV infection can affect intestinal microbi-
ota community too. IAV destroys mucus layer integrity, 
therefore can impress the immune responses [179]. Also 
IAV may cause gastroenteritis symptoms, like diarrhea 
[181]. People with influenza infection may experience 
some gastrointestinal inconvenience and disorders. It can 
be secondary to previous active infection in that site, or 
can be result of swallowing infectious particles from res-
piratory tract, which will be transferred to gastrointesti-
nal tract and make the symptoms [182]. The microbiota 
can affect influenza virus by a way which is associated 
with a significantly decreased antiviral immune response 
in the intestine. So antibiotic treatment can have negative 
effects in H7N9 influenza virus infected propels [183–
185]. Influenza infected mice which take antibiotic treat-
ments, have lower level of T cells, and the T cells also 
have lower capacity to produce TNF-ɑ, MIP-1ɑ, IL-2, and 
IFN-γ; besides, antibiotic treatment have some effects 
on pulmonary macrophages. The gut microbiota dysbio-
sis which is caused by antibiotic treatment, will decrease 
the level of Mx1, Ifnb, Il1b, Tnfa, expressions as antiviral 
genes in macrophages of pulmonary system during influ-
enza infection [111]. Antibiotics can reduce the variety 
of intestinal microbiota [186] and there is a relationship 
between influenza virulence and gut microbiota vari-
ety [113]. This gut microbiota variety reduction is what 
that exactly happens in H7N9 infected persons, and also 
an increase in Escherichia coli and Enterococcus faecium 
colonization have been revealed in these persons [183].

A study revealed the role of nasal and pharyngeal 
microbiota before influenza infection, on duration of 
symptoms and also the viral shedding via impacting on 
viral transmission. For example, a variety of bacterial 
communities, prolong the duration of viral shedding and 
cause earlier occurrence of the associated symptoms like 
Neisseria logotype which cause earlier signs of infection 
but longer durations of symptoms [187] Microbiota res-
toration treatment reduced the incidence of Enteroge-
nous secondary infection, but not exogenous respiratory 
infection [188]. The Microbiota can produce anti-viral 
components, which have direct or indirect effects on the 
virus. For example, the microbial derived LPS, can bind 
directly to influenza to reduce its stabilization [189]. As 
another example from a different study, it has been 
revealed that S. Epidermidis, as a nasal microbiota, pre-
sents both in vitro and in vivo anti-influenza virus activ-
ity via secreting a giant extracellular matrix-binding 
protein (Embp) [190]. Furthermore, the microbiota can 
induce immune responses. For example, desaminotyros-
ine (DAT), which is produces by Clostridium orbiscind-
ens in mice, prevents influenza infection and its lung 
immunopathology via inducing type I interferon and 
activating this signaling pathway [191]. It should be 
noticed that, in non-influenza virus infections like HIV 
infection, there are several mechanisms for lactic acid 
bacterium Enterococcus faecium, by which it directly 
traps viruses [91]. Another study concluded that the 
microbial antiviral effects are due to microbial signals, 
which establish the innate immune system activation 
threshold. They affect the infection via reducing IFN acti-
vation genes expression in macrophages. So that ABX 
mice(mice underwent antibiotic treatment) macrophages 
have lower ability to control type I and type II IFNs [111]. 
The type I of IFN system (IFN-I) is a first line of the anti-
viral immune responses [192]. Hence, basically the 
immune system produces this component in influenza 
infection too. One research on mice has shown that dur-
ing influenza infection, IFN-I can make some changes in 
gut microbiota as well. Evidence shows that lung induced 
IFN-Is due to changes in gut microbiota, can cause an 
increase in Salmonella growth in the inflamed gut and 
can induce its systemic propagation to some other sites. 
This gut dysbiosis has been shown with the decrease in 
commensal obligate anaerobic bacteria community and 
the increase in gut proteobacteria community [182]. 
Generally, intestinal microbiota and probiotics such as 
Lactobacillus paracasei and Lactobacillus plantarum ele-
vate both pro-inflammatory cytokines like IL-33, IL-1α, 
IL-β, IL-12, and IFNγ, and also they increases the pres-
ence of innate immune cells in the lungs such as NKs, 
macrophages, and dendritic cells during influenza infec-
tion. They also increase IL-10 and lead to both reduction 
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in the inflammatory response in the lungs and adjust-
ment of the antiviral response [138, 193]. A study on 
mice demonstrated that probiotics can be of benefit in 
influenza infection. It was shown that mice which had 
taken Bifidobacterium breve YIT4064 had higher level of 
anti-influenza virus IgG in their serum in comparison to 
those which had not taken probiotics [194]. Another 
study demonstrated the higher level of IL-2, IL-12, IL-15, 
IL-21, IL-18, and IL-1Β expressions in lungs and peyer’s 
patches of mice which were treated by some probiotics 
like Bifidobacterium longum MM-2, Lactobacillus casei 
Shirota, Lactobacillus pentosus S-PT84, Lactobacillus 
plantarum 06CC2, Lactobacillus rhamnosus, Lactobacil-
lus paracasei, Lactobacillus gasseri TMC0356, Lactoba-
cillus brevis KB290, Lactobacillus acidophilus L-92, L. 
Plantarum DK119 or Lactobacillus fermentum CJL-112 
and there was a depletion in IL-6, IL-4, IL-5, and IL-10 
levels as immune responses which was mediated by Th1 
in probiotic treated group of mice [195]. Influenza A 
virus-infected macrophages, secrete some cytokines 
which are able to induce IFN-γ synthesis in human T 
cells [196]. Moreover, an study showed that when an 
influenza infection causes lung injury, some of lung-
derived CCR9+ CD4+ T cells migrate to small intestine, 
and start to produce IFN-γ. IFN-γ in turn can mediate 
the intestinal microbiota and cause a microbiota altera-
tion during the viral infection. Microbiota alteration 
affects epithelial cells in the intestine and thereby stimu-
lates IL-15 production which promotes Th17 cell polari-
zation through the PR8 infections (respiratory 
infections). Then the number of Th17 cells significantly 
increases in the small intestine and it neutralizes IL-17A, 
by which decreases the intestinal damages [181]. The gut 
microbiota reduction in influenza infection, can impede 
dendritic cells (DCs) migrations from lungs to lymphoid 
tissues. So it diminishes CD4+ and CD8+ T cell expan-
sion and B cell differentiation [113]. Other study showed 
the microbiota’s influence on the T cells differentiation 
and expansion as well [29]. Furthermore, another study 
by Ichinohe et al. , revealed the ability of intestinal micro-
biota to regulate both innate and adaptive immune 
responses against influenza virus infection, as a result of 
low proliferations of lymphocyte such as CD4+ and 
CD8+ T cells in the lungs. This problems get worse with 
local or distal injection of Toll-like receptor ligands [195]. 
But previously it had been found that Staphylococcus 
aureus provokes the recruitment of peripheral 
CCR2 + CD11b + monocytes and their subsequent matu-
ration into M2 macrophages, via stimulating TLR2 sign-
aling pathways in influenza infection which leads to 
enhancing acute lung injury [197]. It should be noticed 
that unlike most of the studies supporting inhibitory 
roles of microbiota on influenza infection, there are 

studies suggesting that the microbiota may have no regu-
latory effects on antiviral responses. For instance, previ-
ous studies revealed that although neomycin has 
inhibitory effects on several viruses like HSVs and influ-
enza A virus, its antiviral activity was due to neomycin 
itself. It activates TLR3 in some dendritic cells and leads 
to increasement in the IFN-stimulated genes expression, 
which neomycin itself is responsible for, and it isn’t 
related to the microbiota [138, 170]. Chaban et  al. and 
Leung et al. in two distinct studies revealed that Proteo-
bacteria, in particular the Enterobactericeae and Morax-
ellaceae families, are more frequent in influenza infected 
patients rather than normal non infected peoples. In con-
clusion, these evidence suggest that the Proteobacteria 
species may have been correlated to secondary infection 
in influenza A infection [170]. Evidence revealed the 
effects of microbiota restoration to GF mice on lethal 
influenza virus infections in mice. They decrease inflam-
mation via IL-10 and IL-13 production which leads to 
decrease mortality [198]. As noted in "HIV virus’’ section, 
LPS activation of TLR4 leads to acute systemic sepsis, 
chronic inflammatory diseases particularly in viral infec-
tions such as influenza and HIV infection. Influenza-
induced lethality is due to the TLR4-stimulating effects of 
TLR4 agonists damage-associated molecular patterns 
(DAMPs) which can stimulate monocyte-derived den-
dritic cells, inducing proinflammatory cytokine secretion 
and FP7 prevented DC activation by HMGB1 [199]. The 
beneficial therapeutic role of flagellin in viral infections 
with species like rotaviruses and influenza viruses and 
even herpes viruses have been proven by several studies. 
For example, a study revealed therapeutic role of flagellin 
administration, which can decrease viral load in the lungs 
of an influenza A virus infected mice [200]. Accompani-
ment of flagellin with influenza vaccine or inactivated 
influenza viruses leads to higher IgA and IgG titers 
against influenza virus via TLR5. These evidence, indicate 
the reinforcing role of flagellin as a therapeutic compo-
nent and a potent mucosal adjuvant [201]. Moreover, 
flagellin have reinforcing role in HSV vaccination [118].

Respiratory syncytial virus
Respiratory syncytial virus (RSV) is the most common 
ethiology behind lower respiratory tract hospitalization 
and mortality in younger age people worldwide. Distinct 
microbiota have different effects on respiratory syncy-
tial virus bronchiolitis through regulating the systemic 
immune pathways. Streptococcus and Haemophilus 
influenzae suppress and Staphylococcus aureus promotes 
RSV viral infection severity. They regulate proinflamma-
tory genes expression to activate immune cells such as 
macrophages and neutrophils via an unknown mecha-
nism [202]. Another study by Persia et al. in 2019, reveled 
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an important cross-correlation between nasal microbi-
ota (assessed as β diversity) and white blood cells level, 
Lambda3 and Beta IFN genes expression and Th1/Th2 
response [203]. Moreover, Corynebacterium pseudodiph-
theriticum a respiratory microbiota, controls antiviral 
TLR3 response against Respiratory Syncytial Virus (RSV) 
via increasing T-cell subpopulations, which induces 
TNFα, IL-6, IFNγ, and IFNβ secretion [204, 205]. Munoz 
and colleagues revealed that although RSV immuno-
prophylaxis is clinically beneficial for RSV infection spe-
cially during the highest respiratory vulnerability period, 
but it might cause long-term alteration in the respira-
tory microbiota [206]. The last interaction between RSV 
and the microbiota hyaluronic acid (HA) is a bacterial 
component, which have roles in inflammation, tumors, 
and viral infections caused by viruses like RSV. HA can 
be produced by several bacteria including Streptococcus 
spp., E. fecalis, E. coli, L. lactis, B. subtilis, Agrobacterium 
spp., while several other bacteria including Streptococcus 
A, B, C, and G, S. Pneumoniae, C. Perfrigens break down 
HA via producing hyaluronidase [207].

Ebola virus
Microbial colonization on the skin, also known as the 
skin microbiome, strengthens the skin’s defense against 
potentially pathogenic organisms. keratinocytes obtained 
from normal skin, attach and spread through binding 
to the thrombospondin (TSP, also referred to as THSD) 
family of proteins; This interaction may play a role in ini-
tiating cell-mediated immune responses in the skin by 
releasing cytokines and stimulating the expression of TSP 
proteins (Varani et  al., 1988) to facilitate the movement 
of immune competent cells (Baker et al., 2003). TSP pro-
motes keratinocyte attachment and spread, and may play 
an important role in maintaining the normal growth of 
the basal cell layer.

The discovery of microRNAs (miRNAs) in Ebola virus 
implies that immune escape, endothelial cell rupture, 
and tissue dissolution during Ebola virus infection, are 
a result of the effects of Ebola virus miRNAs. keratino-
cytes obtained from normal skin, can attach and spread 
through expression of the thrombospondin family of 
proteins, playing a role in the initiation of cell-mediated 
immune responses in the skin. Several miRNAs have 
been shown to bind the 3′ untranslated region of throm-
bospondin mRNA, thereby controlling its stability and 
translational activity. In this study, we found that short 
RNA sequences may act as miRNAs from Propionibac-
terium acnes using a practical workflow of bioinformat-
ics methods. Subsequently, we deciphered the common 
target genes. These RNA sequences tended to bind to 
the same thrombospondin protein, THSD4, emphasiz-
ing the potential importance of the synergistic binding 

of miRNAs from Ebola virus, Propionibacterium acnes, 
and humans to the target. These results provide impor-
tant insights into the molecular mechanisms of throm-
bospondin proteins and miRNAs in Ebola virus infection.

Currently, no specific therapies have been shown to be 
effective for the treatment of EHF. Thus, only supportive 
therapies are typically given in an attempt to overcome 
the infection; however, the fatality rate remains high. 
EBOV can spread through direct skin contact. Recent 
studies have proposed that EBOV infection is a result 
of the action of EBOV miRNAs (Liang et  al., 2014). As 
previously mentioned, microbes in the skin microbiome, 
such as P. acnes, potentially play a vital role in protecting 
the host.

Recent studies have shown that EBOV infection could 
occur through the activities of EBOV miRNAs (Liang 
et  al., 2014). As mentioned above, P. acnes may play an 
important role in host protection. Thus, in this study, we 
established a bioinformatics approach to detect short 
RNA sequences in P. acnes based on sequence alignment; 
accordingly, our findings demonstrated that these P. 
acnes sequences may act as miRNAs and protect humans 
from EBOV infection by regulation of the expression of 
their common target gene THSD4 [208, 209].

The impacts of viral infection on the microbiota (eubiosis 
or dysbiosis)
SIV/HIV
 HIV infection damages gut-associated lymphoid tis-
sues (GALTs) and reduces Th17 cells number, that 
modulate the gut bacteria. By several way HIV infec-
tion can cause alternation in microbiota composition, 
like inability of the both innate and adaptive immune 
system to qualify the commensal bacteria, like inability 
in CD4 T cells defense. Another reason can be exist-
ence of inflammation tolerant microorganisms that 
are the result of chronic inflammatory situation. The 
intestinal microbiota changes can lead to other issues 
like colitis development or metabolic syndrome [210]. 
The alternation includes an increase in pathogenic bac-
teria. For example studies show an alternation in lin-
gual microbiome composition in HIV infected people 
that demonstrate an increase in extent of potentially 
pathogenic Veillonella, Prevotella, Megasphaera, and 
Campylobacter species [211]. A different study showed 
an enhancement in Brachyspira,, Catenibacterium, 
Escherichia, unclassified Enterobacteriaceae, unclassi-
fied Fusobacteriaceae, Mogibacterium, and Ralstoniain 
in HIV patient’s gut microbiota [212]. The oral micro-
biome can change too, including fungi alternation, as 
evidence on raising in level of candida, that is Simul-
taneous, with decreasing in the level of Pichia. Because 
of pichia inhabitation role against candida via some 
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competitions, like nutrient competition [213]. Also in 
oropharyngeal microbiome of HIV positive patients, 
the most common microorganisms are genera Proteus, 
Enterococcus, Bacteroides, Prevotella and Clostridium 
[214]. In SIV infection,n such alternations happen too. 
For example, in chronic SIV infected chimpanzees, a 
temporary microbiota change was observed [210], or 
a reduction in Proteobacteria/Succinivibrio was dem-
onstrated in intestinal microbiome of chronic SIV 
infected vervet monkeys [215].

Influenza
Influenza causes an acute infection, which leads to 
some changes in both intestinal and respiratory micro-
biome integrity [179]. For example, intense infection 
with such species of influenza A viruses (IAV), like 
H1N1 and H5N1 IAV. The microbiota imbalance may 
enhances the risk of post infection problems, like bac-
terial superinfection [180]. In influenza infection, the 
produced type I interferons (IFN-Is) in lungs, cause a 
reduction in essential anaerobic bacteria and the Pro-
teobacteria enrichment in the gastrointestinal tract, 
which leads to a dysbiosis in microbiome; also this 
IFN causes depletion in immune responses against 
Salmonella-induced colitis and induce Salmonella 
colonization in gut tract [182]. Additionally, in a case 
of Salmonella typhimurium superinfection, evidence 
shows increased sensitivity to bacterial pathogens 
as a result of intestinal microbiota imbalance [179]. 
Other study on Chickens infected by Avian Influenza 
Virus Subtype H9N, showed an elevation in Escheri-
chia species, especially E.coli, in addition to a decrease 
in Lactobacillus and Enterococcus [216]. The naso-
pharyngeal (NP) microbiota can change by IAV infec-
tion in children. The organisms such as Moraxella, 
Staphylococcus, Corynebacterium, and Dolosigranulum 
have lower plenty in infected NP microbiome commu-
nity; and usually the Streptococcus and the Phyllobac-
terium can be discovered in this site. It seems that in 
these patients, there are a decrease in Streptococcus, 
Neisseria, and Haemophilus abundance. Cinetobacter, 
unclassified Acidobacteria, Ralstonia, Pseudomonas, 
Lachnoclostridium, and Halomonas also increase 
notably in patients group. About oropharengeal(OP) 
microbiota, there is some changes too; like depletion in 
Streptococcus, Neisseria, Haemophilus, Rothia, Fuso-
bacterium, Granulicatella and Gemella abundance 
[217]. Other study demonstrated that following species 
are most detected in upper respiratory tract of influ-
enza A (H1N1) infected patients: Enterobacteriaceae, 
Moraxellaceae, Streptococcaceae, Carnobacteriaceae, 
Pasteurellaceae, and Oxalobacteraceae [218].

Norovirus
Human Norovirus (HNoV) infects gastrointestinal tract 
and causes several acute gastroenteritis as endemic 
or epidemic forms [219]. HnoV can directly affect gut 
microbiota by the interaction between its capsid and 
some bacterial surface carbohydrate as bacterial antigens; 
another mechanism is binding to sialic acid residues on 
bacteria and then affecting intestinal microbiota [220]. 
Murine noroviruses (MNV) causes a disturbance in epi-
thelial barrier in mice intestine, that leads to an imbal-
ances in microbiota community and the hemostasis, 
which exist in whole immune system of gut tract. This 
imbalance promotes the disease in patients with inflam-
matory bowel disease (IBD) risk factors [157]. A study 
about intestinal microbiota comparison between 2 group 
of mice (infected and uninfected), no important differ-
ence was found; also it showed a resistance in wild-type 
mice against microbiota alteration via MNV [221]. In 
both of MNV and HnoV associated microbiota imbal-
ance, an enhance in abundance of Firmicutes to Bacte-
roidetes levels is seen [220]. One example of norovirus 
associated gut microbiome alteration is a reduction in 
Bacteroidetes and an elevation in Proteobacteria commu-
nity [222].

Rotavirus
Rotavirus (RV) is one of the main causes of gastroen-
teritis [223] in infants and young age individual, which 
can lead to a range of problems, from diarrhea to even 
death. RV infection affects gut microbiota composition. 
In a study on piglets, elevated ratio of Bacteroidetes and 
Bacteroidia and decreased ratio of Firmicutes and Ery-
sipelotrichia, has been found in RV infected piglet’s gut 
microbiota. Also, remarkable changes are seen in some 
bacterial groups, which are enrichment of Bacteroidaceae 
and Helicobacteraceae and depletion in Porphyromona-
daceae, Lactobacillaceae, Erysipelotrichaceae infected 
piglets [224]. There is oral form of rotavirus vaccination. 
Evidence showed that in infants who responded to vac-
cine, higher level of Proteobacteria and Eggerthella in gut 
microbiome was noted, and infants who didn’t respond 
the vaccine, had higher level of Fusobacteria and Entero-
bacteriaceae [225]. Hence, gut microbiota can differently 
and oppositely affect RV virus.

Hepatitis (HBV and HCV)
Hepatitis B virus or hepadnaviruse infects the liver. The 
infection can be transient or chronic [226]. The chronic 
infection can lead to cirrhosis, or hepatocellular carci-
noma (HCC) [227]. The liver is connected to intestine 
by 2 way, bile ducts and blood. all the blood away from 
intestine should pass the liver, so liver diseases can affect 
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intestine and alter the gut microbiota as a side effect of 
disease [228]. There are some differences in oral micro-
biota community in hepatitis B virus [HBV) infected per-
son. Evidence show decrease in Firmicutes/Bacteroidetes 
plenty in patients with chronic liver disease caused by 
HBV (HBV-CLD). The pattern of oral microbiota alter-
ation which is caused by HBV is same in liver cirrhosis 
(LC) condition and chronic hepatitis B (CHB). Phylo-
types, which produce H2S- and CH3SH, will increase in 
HBV infection and lead to oral stench. Fusobacterium, 
Filifactor, Eubacterium, Parvimonas and Treponema 
are some of those phylotypes. They can transfer to gut 
and make an alteration in gut microbiota composition, 
and the product of this alteration can effect on HBV 
induced liver disease pathogenesis [229]. Gut dysbiosis, 
can induce the hepatitis infection development to end 
stage situation. Viral hepatitis (HBV and HCV) is the 
most common reason of cirrhosis. Cirrhosis influences 
the mucosal immune system and make some changes 
in microbiota in all relative sites. These changes can be 
seen in fecal microbiota too, like what evidence showed 
in cirrhotic patient, a depletion in Bacteroidetes ratio 
and an elevation in Proteobacteria and Fusobacteria was 
demonstrated in fecal microbiota of these patient. Also, 
there are some relationships between cirrhosis sever-
ity and some bacterial corporator of gut microbiota, for 
instance, the Streptococcaceae families have a positive 
relation and the Lachnospiraceae have a negative rela-
tion with cirrhosis severity. Another study discovered 
a relation between fungal variety and bacterial variety 
in cirrhosis [230]. HCV causes two forms of infection; 
acute form and chronic form. The patients with chronic 
hepatitis C are disposed to sever conditions like cirrho-
sis or hepatocellular carcinoma (HCC). Gut microbiota is 
altered in patients with chronic Hepatitis C (CHC), such 
as an elevation in Proteobacteria ratio and a decrease 
in Bacteroidetes and Firmicutes phyla communities in 
CHC, HCC and cirrhotic patients. Therefore, it may be 
indicative of a relationship between microbiota alteration 
pathogenic effect and the severity of patient’s conditions, 
like HCC progression. A study showed that the alpha 
variety of HCV patients gut microbiota is lower than that 
of healthy patients. The actinobacteria has a higher level 
and the Bifidobacterium composition just is detected in 
healthy individuals [231].

Corona viruses (SARS and COVID‑19)
Coronaviruses are enveloped, positive single-stranded 
RNA viruses, which can infect both human and animals. 
Seven subtypes of coronaviruses can cause infection in 
human, which mainly cause common cold. But recently, 
every decade, newest coronaviruses from beta-coro-
naviruses such as severe acute respiratory coronavirus 

(SARS), Middle East Respiratory Syndrome (MERS) and 
COVID-19 cause global serious health problems [233]. 
Both SARS and COVID-19, in addition to pneumonia 
[234], cause a spectrum of gastrointestinal symptoms 
too [235]. Hence, as discussed in the current study, coro-
naviruses and microbiota (especially lung microbiota), 
have mutual interactions as well. It means that they can 
both regulate the susceptibility to viral infevtons and can 
be regulated by viral pathogens [236]. And even some 
of the mechanisms are exactly common with the other 
viral infections. Further studies may reveal more simi-
larities, more common mechanism and even more new 
mechanism, which any of them, can become a possible 
treatment or diagnosis for COVID-19 [237]. For exam-
ple, HA have general common effects on immune system 
and viral infection, so is expected to have antiviral effects 
on COVID-19 [207]. For example, despite the differ-
ences between COVID-19 and SARS, they have common 
receptors like angiotensin-converting enzyme 2 (ACE2). 
ACE2 has role in some diseases like acute lung injury and 
also ACE2 is an essential part in gastrointestinal tract 
functions. ACE2 is required for transporters expression 
which are related to natural amino acids in gut [238]. 
Angiotensin-converting enzyme 2 (ACE2) is a common 
receptor among coronaviruses and is an enzymes in 
human enterocytes which relates to digestion. Coronavi-
ruses are RNA viruses which have more mutation rather 
than other families. As a result, during their evolution, 
changes occur both in their binding receptor and binding 
modes alternately. But their intestinal target cells unlike 
those in the lungs, are constant. Studies suggest that both 
bacterial pathogens and microbiotas or probiotic, elevate 
probiotics coronaviruses receptors [239]. The amino acid 
transport function of ACE2 is associated with intestinal 
microbiota. So that, mutation of ACE2 affects intestinal 
microbiota composition and lessen antimicrobial pep-
tides expression. In one hand, we have some evidence 
showing the influence of gut microbiomes on ACE2 
actions. For example, In COVID-19, some of these pos-
sible intermediations can be done by probiotics species 
like Bifidobacteria and also Lactobacilli, namely L. gasseri 
[240]. On the other hand, SARS_CoV_2 infection reduces 
the ACE2, which express in gut tract. Subsequently, cir-
culating angiogenic cells (CACs) will decrease too, and 
endangers the endothelium, which may leads to intesti-
nal dysbiosis [241]. These evidence indicates the mutual 
interactions between microbiota and COVID-19 via 
ACE2 intermediating.

Although it is still not proven by clinical evidence, 
china’s National Health Commission and National 
Administration of Traditional Chinese Medicine 
declared that probiotic administration is beneficial to 
maintain intestinal microbial balance and preventing 
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secondary/co-infections which can reduce infection 
mortality. Generally, balanced gut microbiota can 
reduce enteritis and ventilator-associated pneumonia, 
and inhibits some viral replications in the lungs such as 
influenza infection. The lung microbiota can aggravate 
the infection via changing several factors such as local 
or systemic inflammatory response, host immunity 
response, mucosal layers defense and finally exerting 
secondary bacterial infection [236, 242].

A study conducted by Liu et al., looked at 72 chemi-
cal drugs and 27 antibodies, which have key antivi-
ral roles in at least one human coronavirus infection, 
whether in vitro or in vivo. Many of these drugs inhibit 
viral entry to cells and viral replication inside cells, or 
modulate host immune responses. In addition, antimi-
crobial drugs like antimalarial drugs (e.g. chloroquine 
and mefloquine), antifungal drugs (e.g. terconazole 
and rapamycin) and antibiotics (e.g. teicoplanin and 
azithromycin) are seem to be beneficial in combat-
ing against coronaviruses. These antibiotic treatments 
may have direct effects on infection. or like the exam-
ples noted in pervious viruses, may induce changes in 
microbiota. As the microbiota play a significant role 
in human metabolism and immune response to viral 
infections, they can modulate microbiota-mediated 
mechanisms against or in favor of coronavirus. But it 
should be mentioned that although they can be used as 
a preventive method to protect the body against cur-
rent viral infection or bacterial endogenous or exog-
enous co-infections, the antibiotic administration may 
have harmful effects via inducing dysbiosis [243].

Recently Georg Anderson suggests that stress is a fac-
tor, which can increase COVID-19 duration and severity 
via affecting both melatonin and the microbial butyrate. 
The stress can induces changes in the intestinal micro-
biota and the gut permeability, and also it can have influ-
ence on the circadian rhythm, which both play important 
roles in immune cell function, especially in response 
to COVID-19 [244]. Intestinal microbial dysbiosis due 
to alcohol, sugar and fat full dietary and stress, leads to 
reduced microbial short-chain fatty acid production, like 
butyrate, which can enhance immune cells and CNS glia 
cells operation to suppress COVID-19 infection. The 
microbiota resales different types of butyrate with differ-
ent spectrum of antiviral effects. These antiviral activities 
are due to butyrate epigenetic regulatory properties to 
block HDAC, which is a common regulator of viruses like 
the influenza virus, and seems to be beneficial in com-
bating against COVID-19. In addition, butyrate roles in 
immune responses may be through regulating the mela-
tonergic pathway, which leads to allowing immune cells 
to turn from an inflammatory to quiescent condition 
[245, 246].

Regarding intestinal permeability, it should be noted 
that a leaky gut exports it’s microbiota to the lungs and 
leads to change pulmonary microbiota. This intestinal 
microbiota, have key role in the patients enhancement 
and the need of ventilation and the survival. For exam-
ple, we saw that elevated intestinal permeability caused 
by microbiota alterations, can leads to leaking LPS and 
dietary material into the systemic circulation. This aggra-
vates viral replication and transmission in influenza, 
HBV and HIV via TLR4 activation, which is a pattern-
recognizing receptors (PRR) for LPS [137]. Addition-
ally, this pathway leads to releasing immunosuppressive 
cytokines, decreasing immunoregulatory effects of regu-
latory T cells and dendritic cells. All these changes lead 
to viral escape from immune responses and promoting 
viral infection so that the author hypothesized that it will 
work against COVID-19 too [244]. Furthermore, MMTV 
utilize LPS binding proteins such as CD14, TLR4, and 
MD-2 into its viral envelope for next generations, which 
may also occur for COVID-19 [149].

Another study on later corona viruses, conducted by 
Meazzi et al., revealed that the most common microbiota 
were Firmicutes, Bacteroidetes and Actinobacteria. So, in 
FCoV-positive cats, Firmicutes and Bacteroidetes were 
more or less than that in FCoV-negative cats. Microbiota 
similarity was noted among 3 of 5 cats with peritonitis. 
Thus, some differences can be already detectable. They 
concluded that changes in the intestinal microbiota com-
position in cats, may leads to Feline Infectious Peritoni-
tis (FIP) aggravation, which is caused by enteric feline 
coronaviruses (FCoVs) mutation and disturbs the host 
immune response. The microbiota can alter FCoV genetic 
polymorphism, which is associated with the viral replica-
tion [247]. Hence, it suspected us that it may be useful in 
COVID-19 treatment.

The microbiota composition in SARS-CoV-2 and 
COVID-19 patients is similar to Community acquired 
pneumonia (CAP) patients. The microbial diversity was 
significantly lower than normal, with either pathogens or 
increased oral and upper respiratory microbiota domi-
nancy. But there are no particular microbial patterns 
in neither of them. In addition, SARS related death is 
often correlated to acute respiratory distress syndrome 
(ARDS) [248], and COVID-19 patient’s condition may 
develop to sever situation like ARDS [249]. ARDS patient 
usually need mechanical ventilation and it may causes 
some micro-aspirations. By this way, the gut microbes 
can transfer to lungs and so lungs microbiome will get 
enriched by gut bacteria such as Bacteroidetes and Enter-
obacteriaceae  [250]. Previous studies, showed that the 
oral and upper respiratory microbiotas in SARS_CoV_2 
patients, have elevated levels of pathogens and commen-
sal bacteria [236].
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Sometimes microbiota particles such as flagellin act 
as damage-associated molecular patterns (Damp), and 
stimulate immune pathways like toll-like receptor 5 
(TLR5) pathway. This already have seen in influenza 
and rotavirus infection. Flagellin is a structural protein 
in both gram positive and negative bacteria flagellum. It 
mainly increases anti-bacterial responses but also have 
anti-viral activities. In Rota virus flagellin activated TLR5 
pathway impacts on dendritic cells and led to releasing 
(IL)-22. Also, it increased NLR Family CARD Domain 
Containing 4 (NLRC4) dependent IL-18 discharge. IL-22 
maintains the epithelial cell and its proliferation nor-
mally, while IL-18 eliminates infected epithelial cells via 
apoptosis [251]. So this pathway immediately removes 
rotavirus(RV) infection and accelerates RV clearance 
[252]. It is important to note that flagellin responses are 
independent of interferon (IFN) responses. Considering 
that coronaviruses are capable of hijacking type I IFN 
anti-viral responses through structural and non-struc-
tural proteins, utilizing the flagellin-TLR5 axis could 
provide an effective loophole to target and eliminate 
SARS-CoV-2. Ironically, it was recently found that flagel-
lin is also capable of inducing TLR5-mediated produc-
tion of IFN-β and subsequent activation of type I IFN 
responses, which presents a potential avenue to restore 
anti-viral immune defenses that are impaired during cor-
onavirus infections [253, 254].

The beneficial role of flagellin viral infections have been 
proven by several studies. For example, an study revealed 
therapeutic role of flagellin administration, which can 
decrease viral load in the lungs of an influenza A virus 
infected mice [200]. Accompaniment of flagellin with 
influenza vaccine or inactivated influenza viruses, can 
leads to higher IgA and IgG titers against influenza via 
TLR5. These investigations indicate the reinforcing role 
of flagellin as a therapeutic component and a potent 
mucosal adjuvant [201]. Moreover, Equine herpesvirus 
1 (EHV-1) is a virus from herpesviridae family, which 
induces several distinct pathogeneses, like respiratory 
infections, viral abortion, neurological signs, and neo-
natal mortality in horses. This study showed that flagel-
lin has a reinforcing role in HSV vaccination [118]. To 
conclude the matter, flagellin have significant roles in 
lung dendritic cells maturation, inhibition of epithelial 
apoptosis, maintaining epithelial cells and induction of 
cathelicidin-dependent antimicrobial responses, neona-
tal lung antigen-presenting cells activation [253, 255]. All 
of these are important in COVID-19 infection and sug-
gest the beneficial roles of microbiota derived flagellin in 
this infection.

In the other hand, some studies reported that flagel-
lin TLR5 activation of NF-κB signaling, promotes lenti-
viral pseudovirus attachment on lung epithelial cells. So 

TLR5 activation may promote SARS-CoV-2 infection 
and induces harmful inflammatory responses. So just 
IL-18 and IL-22 administration would have the benefi-
cial effects within harmful effects. In any case, the lack of 
immune responses exhibited in the early stage of corona-
virus infections, may suggest that TLR5 agonists could 
be most valuable in the early phase of infection, whereas 
the media hype chloroquine could be most useful against 
late stage infection, since chloroquine is an inhibitor of 
nucleic acid recognizing TLR-mediated inflammatory 
responses [253]. Regardless, the benefits or costs of TLR5 
activation would still expand the mechanistic knowledge 
on COVID-19 pathogenesis and direct us toward appro-
priate therapeutic targets at the pertinent viral stage. In 
line with TLR5, degradation of NETs through 162 host 
nucleases might have potential risks, as such intervention 
has been reported as a fuel source for certain pathogens, 
such as Haemophilus influenzae [11]. Hence, if SARS 
CoV-2 utilizes a similar strategy, this could also advance 
its pathogenesis. Yet, there is no article to date that has 
associated coronaviruses to utilize NETs degradation 
via host nucleases for virulence; therefore, studying this 
relationship could provide one of two novel findings: 
(i) an unexplored, yet new, mechanism for coronavirus 
virulence or (ii) a potential therapeutic (i. E. DNase I) to 
defeat COVID-19 through regulation of aberrant innate 
immune responses [253]. Based on our previous stud-
ies of flagellin protection against rotavirus infection, we 
hypothesized that flagellin would be most potent within 
the first 48 h of infection, as this will allow for early inter-
vention to boost anti-viral responses and block virulence.

Conclusions
At the end we have to mention again, although there are 
articles indicating the role of microbiota in viral infection 
and the viruses on microbiota composition, our under-
standing on how do they work, is not enough. Moreo-
ver, the issue does not involve just a mutual interaction 
between single pair of microorganism species, but we face 
a complex network of pathways between different hosts 
different microbiotas and different viruses. So that previous 
reports demonstrated that bacterial flagellin promotes viral 
infections like influenza, Measles, Ebola, Lassa, and Vesic-
ular stomatitis virus in pulmonary epithelial cell culture 
through TLR5 and NF-κB activation [256], although previ-
ously flagellin was known by its inhibitory effects against 
RV infection in mice [142]. These paradoxical results are 
result of variances in the microenvironment and models 
utilized in these studies. We remind them to demonstrate 
how much these interactions are complex and unknown. 
However, knowing about these mechanisms between the 
microbiota and viral infections, helps to produce both 
chemical medications originated from bacterial secretions 
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or manufactured via bioengineering, and probiotic medi-
cations, which can colonize in the body and induce their 
related antiviral responses. In addition, they can be utilized 
as a booster for pervious treatments and vaccine immu-
nology. In the field of vaccinology, we found the potent 
immunogenic role of microbiotas as oral enteric vaccines, 
and specially rotavirus vaccine, to improve vaccines effi-
cacy. Also data confirms that the microbiota targets would 
stay related to both specific vaccines and patient popula-
tions [232]. It is noteworthy to mention that although we 
mainly recall viruses as pathogens, but there are some 
viruses called as virome, which are commensal microbiota 
in healthy peoples and have been remain understudied. 
They include bacteriophages and plants microbiota and 
also eukaryotic viruses, which their existence in every indi-
vidual, depends on the host commensal bacteria and diet. 
They might also have some impacts on viral infection either 
in a suppressive or aggregative fashion, but they need to be 
studied more. Finally, microbiome biobanks is needed to be 
expanded for both human or animals., which can help in 
future studies on biomedical research, and industry [257].
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